Background/Aims: The deposition of β2-microglobulin induced by reactive inflammation causing carpal tunnel syndrome (CTS) is one of the complications of dialysis-related amyloidosis in maintenance hemodialysis (MHD) patients. Air pollution levels, especially particulate matter with an aerodynamic diameter of <2.5 mm (PM 2.5 ) , have significantly been associated with the elevation of systemic inflammatory markers. There is no previous research on possible associations between CTS and PM 2.5 . Methods: This study enrolled 866 MHD patients treated at the outpatient HD centers. Senior neurologists diagnosed the presence of CTS. Air pollution levels were recorded by a network of 27 monitoring stations near or in the patients' living areas throughout Taiwan. The 12-and 24-month average concentrations of PM with an aerodynamic diameter of <10 and <2.5 mm (PM 10 and PM 2.5 , respectively), sulfur dioxide, nitrogen dioxide, carbon monoxide, and ozone were included. Results: Multivariate logistic regression analyses showed that HD duration, the normalized protein catabolic rate (nPCR), hypoalbuminemia (albumin < 4 g/dl), and the mean previous 12-month environmental PM 2.5 were positively associated with CTS; HD duration, nPCR, hypoalbuminemia (albumin < 4 g/dl), and the mean previous 24-month environmental PM 2.5 were positively associated with CTS; HD duration, hypoalbuminemia (albumin < 4 g/dl), and previous 12-month PM 2.5 excess days were positively associated with CTS; and HD duration, nPCR, hypoalbuminemia (albumin < 4 g/ dl), and previous 24-month PM 2.5 excess days were positively associated with CTS. Conclusion: PM 2.5 levels and PM 2.5 excessing days were positively correlated with CTS.
Introduction
The deposition of β2-microglobulin in the carpal tunnel causing carpal tunnel syndrome is one of the complications of dialysis-related amyloidosis in maintenance hemodialysis (MHD) patients [1] . Accumulation of β2-microglobulin may be due to decreased removal and intra-dialytic production by the reactive inflammation by bio-incompatible artificial kidney membranes [2] . Air pollution levels, especially particulate matter with an aerodynamic diameter of <2.5 mm (PM 2.5), are significantly associated with elevation of systemic inflammatory markers [3] [4] [5] . We have previously showed that air pollution was significantly associated with arterial stiffness, systemic inflammation, infection, secondary hyperparathyroidism, and even mortality in MHD patients [6] [7] [8] [9] [10] . In the current study, we hypothesize that there might be a correlation between environment particulate matter and carpal tunnel syndrome (CTS) in MHD which has not been surveyed previously.
Materials and Methods

Patients
The study patients were recruited from the 3 HD centers of Chang Gung Memorial Hospital, Lin-Kou Medical Center at both the Taipei and Taoyuan branches. Only MHD patients who were 18 years of age or older and had undergone HD for at least 6 months were enrolled in this study. Patients with malignancies or obvious infectious diseases, as well as those who had been hospitalized or had undergone surgery within 3 months of the investigation, were excluded. Diabetes mellitus (DM) was defined by either a physician's diagnosis and antidiabetic drug treatment or 2 subsequent analyses demonstrating fasting blood glucose levels of >126 mg/dL. Most patients underwent 4 hours of HD, 3 times a week, which was performed using single-use hollow-fiber dialyzers equipped with modified cellulose, polyamide, or polysulfone membranes. The dialysate used in all cases had a standard ionic composition with a bicarbonate-based buffer. We noted the incidence of cardiovascular diseases (CVDs) including cerebrovascular disease, coronary artery disease, congestive heart failure, and peripheral vascular disease in these patients. Hypertension was defined as the regular use of antihypertensive drugs to control blood pressure or at least 2 blood pressure measurements of more than 140/90 mmHg. Senior neurologists diagnosed the presence of CTS.
Air quality status and analysis Levels of air pollution were recorded by a network of 26 monitoring stations near the patients' living areas in Taiwan, as described in our previous study. Data from the database on the air quality status of the Taiwan Air Quality Monitoring Network were analyzed. The previous average exposure of 365 and 730 days concentration of PMs was used for each subject. Previous 12 and 24 -month average concentrations of PMs with an aerodynamic diameter of <10 and <2.5 mm (PM 10 and PM 2.5 , respectively), sulfur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO), and ozone (O3) were included as reference items. Air pollution levels were recorded by a network of 27 monitoring stations near or in the patients' living areas throughout Taiwan. Therefore, the average of approximately 8760 and 17520 (24 x 365 = 8760 and 24 x 365 x 2 = 15720) pieces of data for every monitoring station were calculated. The reference items were generally obtained from monitoring stations in the same area. If a patient lived between 2 monitoring stations, we selected the air pollutant data from the nearest station for analysis. If there was no monitoring station in a patient's living district, we selected the reference from the nearest station (<15 km).
Laboratory, Nutritional, and Inflammatory Parameters
All blood samples were drawn from the arterial end of the vascular access immediately after the initial 2-day interval for HD and were then centrifuged and stored at -80°C until use. Serum creatinine (Cr) levels, normalized protein catabolism rate (nPCR), and serum albumin levels were assayed and recorded as nutritional markers. High-sensitivity C-reactive protein (hsCRP) levels were measured as indices of inflammation. All other biochemical indices were measured using a standard laboratory approach with an automatic analyzer. In the HD patients, dialyzer clearance of urea was measured using a method described by Daugirdas and was expressed as Kt/V urea. The nPCR of the HD patients was calculated using validated equations and was normalized to the patients' body weight. Anuria was defined as a daily urine amount less than100 mL. The serum calcium level was adjusted using the serum albumin level with the following formula: corrected calcium level (mg/dL) = serum calcium level + 0.8 × (4.0 -serum albumin level). Nonanuria was defined as a daily urine amount of ≥100 mL.
Definition of PM 2.5 excess days A mean 24 hour PM2.5 concentration level of 35 μg/m 3 was defined as normal. The number of days with a mean 24 hour PM2.5 concentration level higher than 35 μg/m 3 was defined as PM 2.5 excess days.
Statistical Analysis
The Kolmogorov-Smirnov test was used to test if variables were normally distributed. A P value of >0.05 was required to assume a normal distribution. Continuous variables are expressed as the mean ± standard deviation/median (interquartile range), and categorical variables are expressed as numbers or percentages. Chi--square or Fisher's exact test was used to analyze the correlation between categorical variables. Comparisons between 2 groups were performed using the Mann-Whitney U test or Student's t-test. Data involving hsCRP, intact parathyroid hormone (iPTH), and ferritin levels were log-transformed for analysis. Univariate and multivariate logistic regression analyses were performed to evaluate the variables related to UP. Missing data were handled using list-wise deletion. Calibration was assessed using the Hosmer-Lemeshow goodness-of-fit test to compare the number of observed and predicted uremic pruritus in risk groups for the entire range of uremic pruritus probabilities. Discrimination was assessed by the area under the receiver operating characteristic (AUROC) analysis. The AUROCs were compared using a non-parametric approach, and AUROC analyses were also used to calculate cutoff values, sensitivity, specificity, and overall correctness. Finally, the cutoff points were calculated by acquiring the best Youden index (sensitivity + specificity -1). Data were analyzed using SPSS, version 12.0 for Windows 95 (SPSS Inc., Chicago, IL, USA). The level of significance was set at a P <0.05. 
Results
Study Population Characteristics
Eight hundred and sixty-six MHD patients were included. The patients were 56.18 ± 13.59 years old and 440 patients were male (50.8%). The average HD duration was 6.96 ± 5.35 years. Seventy-six patients (8.8%) had carpal tunnel syndrome. The mean previous 12-month environmental PM 2.5 was 29.95 ± 3.53 µg/m 3 and the mean previous 24-month environmental PM 2.5 was 28.57 ± 3.66 µg/m 3 . The mean previous 12-month environmental PM 2.5 excess days was 112.23 ± 25.17 days and the mean previous 24-month environmental PM 2.5 excess days was 221.39 ± 53.04 days (Table 1) . Patients with CTS had a higher incidence of hepatitis C infection (HCV) and anuria, and higher HD durations, and higher Kt/V urea (Daugirdes), nPCR, hemoglobin (Hb), iPTH, mean previous 12-month environmental PM 2.5 , mean previous 24-month environmental PM 2.5 , mean previous 12-month environmental PM 2.5 excess days, and mean previous 24-month environmental PM 2.5 excess days levels, compared to the patients without CTS. A lower incidence of DM, lower dosages of erythropoietin, and lower levels of albumin were noted in CTS patients ( Table 2) .
Predictors of carpal tunnel syndrome by univariate logistic regression (Table 3)
Univariate logistic regression analyses showed that HCV, HD duration, Kt/V urea (Daugirdes), nPCR, anuria, Hb, hypoalbuminemia (albumin < 4 g/dl), log iPTH, mean previous 12-month environmental PM 2.5 , mean previous 24-month environmental PM 2.5 , mean previous 12-month environmental PM 2.5 excess days, and mean previous 24-month environmental PM 2.5 excess days were positively associated with CTS. Diabetes mellitus and albumin were negatively associated with CTS.
Predictors of carpal tunnel syndrome by multivariate logistic regression
Univariate logistic regression demonstrated that 4 kinds of PM 2.5 variables were all predictors of CTS. We analyzed multivariate logistic regression to include 4 PM 2.5 variables independently and those with P < 0.05 in univariate logistic regression. Analysis A showed that HD duration [odds ratio (OR): 1.218, 95% confidence interval (CI): 1.155 -1.284, P < 0.001], nPCR (OR: 3.108, 95% CI: 1.276 -7.568, P = 0.013), hypoalbuminemia (albumin < 4 g/dl) (OR: 1.969, 95% CI: 1.125 -3.328, P = 0.011), and mean previous 12-month environmental PM 2.5 (OR: 1.078, 95% CI: 1.008 -1.153, P = 0.027) were positively associated with CTS. Analysis B showed that HD duration (OR: 1.217, 95% CI: 1.154 -1.283, P < 0.001), nPCR (OR: 3.089, 95% CI: 1.278 -7.527, P = 0.013), hypoalbuminemia (albumin < 4 g/dl) (OR: 2.000, 95% CI: 1.184 -3.379, P = 0.010), and mean previous 24-month environmental PM 2.5 (OR: 1.082, 95% CI: 1.007 -1.163, P = 0.032) were positively associated with CTS (Table 4 ). Analysis C showed that HD duration (OR: 1.219, 95% CI: 1.156 -1.285, P < 0.001), nPCR (OR: 3.137, 95% CI: 1.289 -7.635, P = 0.012), hypoalbuminemia (albumin < 4 g/dl) (OR: 1.977, 95% CI: 1.170 -3.339, P = 0.011), and previous 12-month PM 2.5 excess days (OR: 1.010, 95% CI: 1.001 -1.020, P = 0.034) were positively associated with CTS. Analysis (Table 5) .
Discrimination, and correlation for previous PM 2. 5 excess days and carpal tunnel syndrome The discrimination power of previous 12-month PM 2.5 excess days was AUROC ± SE: 0.633 ± 0.036 with P < 0.001. The cutoff point of previous 12-month PM 2.5 excess days to predict CTS was 116 days. The discrimination power of previous 24-month PM 2.5 excess days was AUROC ± SE: 0.647 ± 0.034 with P < 0.001. The cutoff point of previous 24-month PM 2.5 excess days to predict CTS was 227 days. Analysis E showed that previous 24-month PM 2.5 excess days (> 227 days) was a significant predictor of CTS (OR: 3.626, 95% CI: 2.153 -6.107, P < 0.001) by multivariate logistic regression. Analysis F showed that previous 12-month PM 2.5 excess days (> 116 days) was a significant predictor of CTS (OR: 4.366, 95% CI: 2.573 -7.408, P < 0.001) by multivariate logistic regression (Table 6 ).
Discussion
Carpal tunnel syndrome in patients on MHD was caused by dialysis-related β2-microglobulin amyloid deposition in the carpal tunnel [11] . PM 2.5 was associated with airway inflammation and hyper responsiveness [12] . Systemic oxidative stress and inflammation were also associated with PM 2.5 [13] . Reactive inflammation in lesions in which β2-microglobulin amyloid was deposited was associated with a marked infiltration of activated macrophages expressing cytokines, such as interleukin-1, tumor necrosis factor-alpha, and transforming growth factor-beta [14] . Only animal study also showed that after oropharyngeal aspiration of PM 2.5 , robust production of IL-1 by leukocytes in the lung tissue was noted [15, 16] . Brucker et al. showed that PM 2.5 was also associated with higher inflammatory markers, including IL-1β in taxi drivers with occupational exposure to air pollution [17] . Therefore, by inducing IL-1, PM 2.5 may cause β2-microglobulin amyloid deposition in the carpal tunnel. Different kinds of cell cultures studies have demonstrated that PM 2.5 could significantly increase TNF-α expression [18] [19] [20] . Adults exposed to diesel exhaust including 300 μg PM 2.5 /m 3 for 120 min also had an increased serum concentration of TNF-α [21] . Ambient air pollution evaluated by the level of PM 2.5 in Beijing also induced higher levels of TNF-α expression in participants' bronchial epithelial cells [22] . PM 2.5 might be associated with CTS in HD patients by inducing TNF-α based on these in vivo and in vitro studies.
Mice with inhalation exposure to ambient PM 2.5 demonstrated hepatic fibrosis by activation of the transforming growth factor β-SMAD3 signaling [23] . PM 2.5 also accentuated virus-induced myocarditis through the increase of TGF-β in myocardium through the Treg responses [24] . PM 2.5 exacerbated stiffness-induced alveolar epithelial cell mechanoactivation of TGF-β [25] . TGF-β might also be a mediator of PM 2.5 to induce CTS in our MHD patients.
Our study also showed that PM 2.5 excess days were also a significant predictor of CTS in MHD patients. In patients with chronic obstructive pulmonary disease, the number of days with high levels of PM 2.5 per month was significantly associated with the total number of COPD exacerbation [26] . Luong et al. showed that an increase in 10μg/m 3 of PM 2.5 was associated with an increase in the risk of respiratory admission of 2.2% on the same day of exposure [27] . Therefore, not only a yearly average level of PM 2.5 was associated with CTS, but also the number of PM 2.5 excess days was also a significant predictor of CTS. In days with PM 2.5 > 35 μg/m Conclusion PM2.5, an air pollution level, and PM2.5 excess days were associated with CTS in MHD patients. Patients on MHD should avoid going outside in the days when air quality is poor to prevent CTS.
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